Background: Atherosclerosis, endothelial dysfunction, coronary artery calcification (CAC), and left ventricular hypertrophy are the most commonly encountered risk factors in the pathogenesis of cardiovascular disease in end-stage renal disease patients. Epicardial adipose tissue (EAT) is the true visceral fat depot of the heart. The relationship between coronary artery disease and EAT has been shown in healthy subjects and patients with a high risk of coronary artery disease. In the present study, we aimed to investigate the relationship between EAT and CAC in peritoneal dialysis (PD) patients. Patients and Methods: Forty-five PD patients (18 females, 27 males, with a mean age of 50.6 8 15 years) and 25 healthy subjects (12 females, 13 males, with a mean age of 52.4 8 10.7 years) were enrolled in the study. EAT and CAC score (CACS) measurements were performed by a multidetector computed tomography scanner. Results: EAT of the PD patients was significantly higher than that of the healthy subjects (p = 0.02). When patients were divided into two subgroups (group 1: CACS ^ 10, n = 20; group 2: CACS 1 10, n = 25), EAT was also significantly higher in group 2 patients than in group 1 patients and healthy subjects. Age and EAT were also found to be correlated with CACS 6 10. Conclusion: There is a relationship between the anatomic assessment of coronary artery lesions by multidetector computed tomography and EAT in PD patients. This relationship might be attributed to increased inflammation and proinflammatory cytokines in uremic patients.
Introduction
Cardiovascular disease (CVD) is the most common cause of mortality and morbidity in patients with end-stage renal disease (ESRD) receiving hemodialysis (HD) or peritoneal dialysis (PD) [1] . Atherosclerosis, endothelial dysfunction, coronary artery calcification (CAC), and left ventricular hypertrophy are the most commonly encountered risk factors in the pathogenesis of CVD in ESRD patients [2] [3] [4] [5] . The CAC score (CACS) reflects the severity of atherosclerotic vascular disease and predicts cardiovascular events in uremic patients [6] [7] [8] .
Multidetector computerized tomography (MDCT) is non-invasive and quantitatively measures the CACS, which is associated with the presence of atherosclerotic plaque [9, 10] . Although, in ESRD patients, CAC may occur in the absence of occlusive coronary atherosclerosis, recent studies have shown an association between CAC and obstructive atherosclerosis in this population. Haydar et al. [7] reported that severe CAC predicted the presence of coronary artery disease (CAD) with a sensitivity of 92.8% and a specificity of 44% in HD patients.
Epicardial adipose tissue (EAT) is the true visceral fat depot of the heart that accounts for approximately 20% of the total heart weight and covers 80% of the cardiac surfaces, mostly in the grooved segments along the paths of the coronary arteries [11] [12] [13] . Recent studies have shown a close relationship between CAD and EAT by using MDCT and echocardiography in healthy subjects and in patients with a high risk of CAD [14] [15] [16] [17] . The CACS in ESRD patients reflects the severity of the atherosclerotic vascular disease and predicts cardiovascular events [7, 8] . In the literature, to date there are not enough data regarding EAT in ESRD patients. Therefore, in the present study we aimed to investigate the relationship between EAT and CACS in PD patients.
Patients and Methods
Patients This is a cross-sectional study involving patients with ESRD receiving PD for at least 6 months in the outpatient Peritoneal Dialysis Unit of Selcuk University Meram School of Medicine, Konya, Turkey, and 25 healthy control subjects. Exclusion criteria included: (i) congestive heart failure; (ii) active infection; (iii) autoimmune disease, and (iv) secondary hyperparathyroidism. Among the 60 patients initially evaluated, 4 patients had congestive heart failure (NYHA class III-IV), 3 patients had active infection, 5 patients had secondary hyperparathyroidism, and 3 patients had autoimmune disease including systemic lupus erythematosus and microscopic polyangiitis. None of the patients included in the study had arrhythmia based on ECG. All 45 (18 females, 27 males) remaining patients were enrolled in the study. Demographic data, medications, primary disease of ESRD, and dialysis duration of the patients were recorded. Systolic and diastolic blood pressures of both patients and healthy subjects were measured in an upright sitting position after at least 5 min of rest using an Erka sphygmomanometer (PMS Instruments Ltd., Berkshire, UK) with an appropriate cuff size. Two readings were recorded for each individual. The average of these two readings was defined as the subject's blood pressure. Patients with systolic and diastolic blood pressures above 140 and 90 mm Hg, respectively, or already on antihypertensive treatment were assumed as hypertensive.
Fifteen patients were on treatment with antihypertensive drugs (7 of them on angiotensin-converting enzyme inhibitors, 5 of them receiving angiotensin receptor blockers, and 2 of them receiving both a calcium channel blocker and angiotensin-converting enzyme inhibitor). Twenty-two patients were taking calcium-containing phosphate binders.
The study protocol was approved by the institutional medical ethics committee of Selcuk University, and written informed consent was obtained from all subjects included in the study.
Biochemical Analyses
Venous blood samples for biochemical analyses were drawn after an overnight fast between 8: 00 p.m. and 8: 00 a.m. All biochemical analyses including glucose, creatinine, total cholesterol, low-density lipo-protein (LDL) cholesterol, high-density lipoprotein (HDL) cholesterol, and plasma triglyceride concentrations were performed with an oxidase-based technique by Roche/Hitachi Modular System (Mannheim, Germany) in the Central Biochemistry Laboratory of our faculty.
CACS and EAT Measurement
Unenhanced coronary CT was quantified on retrospectively electrocardiography-gated cardiac CT scans using 64-slice MDCT (Sensation 64; Siemens Medical Solutions, Erlangen, Germany). In this study, the coronary CT protocol was applied as follows: slice collimation 64 ! 0.6 mm; gantry rotation time 0.33 s; pitch 0.2; tube voltage 120 kV, and tube current 600 mAs. In case of heart rate exceeding 65 bpm, heart rate control was achieved with a beta-blocker. Multiplanar data reconstructions were obtained in the standardized ventricular short-axis planes at the basal, midcavity, and apical as well as the horizontal long-axis plane with 3-mm slice thickness and 2-mm slice interval [18] . To quantify CAC, all reconstructions were transferred to a PC-based workstation (Syngo CaScoring Wizard; Siemens Medical Solutions). CACS was defined as the presence of more than two contiguous pixels with Hounsfield units greater than 130, which was designed by Agatston et al. [9] . All values of the left anterior descending coronary artery (LAD), circumflex coronary artery (Cx), and right coronary artery (RCA) were added to calculate the calcium scores. To quantify the epicardial fat volume, all reconstructions were transferred to a PC-based workstation (Syngo Volume Wizard; Siemens Medical Solutions). A CT attenuation threshold between -200 and -20 Hounsfield units was used to isolate the epicardial fat. Both EAT and CACS measurements were evaluated by 2 blinded radiologists with an interobserver variability lower than 10.
Statistical Analyses
Statistical analyses were carried out by the Statistical Package for Social Sciences for Windows ver. 15.0 (SPSS Inc., Chicago, Ill., USA). Data were expressed as the mean 8 SD, with a significance level of p ! 0.05. For dichotomous variables, the frequency of positive occurrences was given, along with their corresponding percentages. Statistical comparisons of individual groups were based on Student's t test for continuous variables, whereas the correlations between groups were evaluated by Spearman's test. Significant determinants identified from univariate analysis were studied in a stepwise multiple regression model. ANCOVA (general linear model) was used to determine the relationship between PD and EAT after the correction of variables on EAT. In addition, logistic regression analysis was performed to define variables associated with CACS 1 10. For all tests, p ! 0.05 was considered significant.
Results

Patients' Baseline Characteristics
The baseline characteristics of the 45 PD patients and 25 healthy subjects are depicted in table 1 . The etiologies of the PD patients were diabetic nephropathy (n = 12), chronic glomerulonephritis (n = 8), hypertensive nephropathy (n = 15), polycystic kidney disease (n = 1), nephrolithiasis (n = 2), and unknown etiology (n = 7). There were no significant differences in age, gender, body mass index (BMI), predialysis systolic and diastolic blood pressure levels, and biochemical parameters including serum LDL and HDL cholesterol, triglycerides, and hs-CRP between the PD patients and healthy subjects.
CACS and EAT Measurement
Mean total CACS of the PD patients and healthy subjects were 144 8 278 with a median of 12.8 (interquartile range, 0.20-153.7) and 41 8 112 with a median of 0.0 (interquartile range, 0.0-3.0), respectively. Total CACS of the PD patients were significantly higher than those of the healthy subjects (p = 0.01) ( table 1 ). EAT of the PD patients were also significantly higher when compared with healthy subjects (p = 0.02) ( table 1 ). The patients were divided into two subgroups (group 1: CACS ^ 10, n = 20; group 2: CACS 1 10, n = 25) according to the total CACS proposed by Rumberger et al. [19] . Age, serum LDL cholesterol, and
CACS were significantly higher in patients with CACS 1 10 (group 2) than in patients with CACS ^ 10 (group 1) ( table 2 ). EAT was also significantly higher in group 2 patients than in group 1 patients and healthy subjects ( fig. 1 ) .
When patients were evaluated according to their body mass index (BMI), morbid obese patients (BMI 6 30) had higher CACS and EAT than patients with a BMI ! 30 (p = 0.05).
In the univariate correlation analysis, EAT was positively correlated with age, BMI, and serum triglyceride ( table 3 ) , and CACS. We performed a linear regression analysis to define the variables of increased EAT. CACS, triglyceride, BMI, age, hs-CRP, albumin, Kt/v, calcium, and phosphorus were included in this model ( table 4 ) . According to the linear regression analysis, age, BMI, triglyceride, and CACS were found to be correlated with increased EAT.
In the univariate covariance analysis (ANCOVA), the PD modality was significantly associated with increased EAT volume when corrected for age and BMI (f = 11.23, p = 0.0001). After adjustment for age, there was a correlation between EAT and CACS in the PD patients (r = 0.25, p = 0.05).
In the separate evaluation of the different coronary arteries, the relationships between CACS of LAD, RCA, and Cx and EAT were also found to be statistically significant ( table 5 ) .
We also performed a logistic regression analysis to define the variables of CACS 1 10 ( table 6 ) . EAT, gender, hypertension, diabetes mellitus, hs-CRP, phosphorus, triglyceride, total cholesterol, Kt/v, and age were included in this model. Age and EAT were found to be associated with CACS 1 10. V alues are mean 8 SD or median (IQR). SBP = Systolic blood pressure; DBP = diastolic blood pressure; PTH = parathyroid hormone; NS = not significant.
Discussion
The main findings of the present study were as follows: (i) EAT volumes measured by MDCT were increased in PD patients when compared with healthy subjects; (ii) EAT measurements were significantly correlated with arterial calcification of the main segments of the coronary arteries including LAD, RCA, and Cx in PD patients; (iii) morbid obese patients with a BMI 6 30 had increased CACS and EAT compared with patients who had a BMI ! 30, and (iv) the patients' age and BMI were found to be correlated with increased EAT. To our knowledge, this is the first study to evaluate the relationship between EAT and CACS in PD patients.
The most common cause of death in ESRD patients is CVD, despite recent developments in renal replacement therapies [3] . This can be attributed to many factors including advanced age, atherosclerosis, endothelial dysfunction, hypertension, anemia, hyperparathyroidism, chronic inflammation, diabetes and its macro-microvascular complications, left ventricular hypertrophy, malnutrition, and vascular calcification (VC). CAC is a part of the extended state of VC which can be detected in ESRD patients even in the early stages [20] . This may contribute to premature CVD and markedly increased mortality in patients with ESRD. A number of clinical studies have shown that the amount of EAT, measured by either echocardiography or MDCT, is correlated with coronary atherosclerosis and the prevalence of CVD including myocardial infarction [21] [22] [23] . However, in studies showing a positive association between total EAT volume and the presence of CAC or atherosclerotic plaques, the EAT volume was paradoxically not related to the severity of coronary atherosclerosis or plaque burden in a dose-dependent manner [24, 25] . Hypertriglyceridemia and obesity are commonly seen in PD patients especially secondary to high-glucose ingredients of peritoneal dialysates [26, 27] . In the present study, hypertriglyceridemia and increased BMI were also found to be associated with increased EAT.
In recent studies, a preferential association between EAT thickness in the left atrioventricular groove and atherosclerosis in the embedded left circumflex artery was determined, indicating a local atherogenic role of EAT accumulated in the left atrioventricular groove [28] . Despite these results, EAT was found to be positively correlated with CACS of all segments of the coronary arteries in the present study. We conclude that atherosclerosis and VC are extensively found in all of the vasculature, possibly secondary to the uremic state of PD patients.
EAT and intra-abdominal visceral fat depots originate from the splanchnopleuric mesoderm [29] . Mazurek et al. [15] concluded that like abdominal visceral adipose tissue, EAT is also metabolically active by secreting proinflammatory cytokines and utilizing free fatty acids (FFAs). Under ischemic conditions, EAT provides FFAs for the increased metabolism of the myocardium [30] . However, in normal conditions EAT acts as a buffering system by scavenging excess FFAs that are toxic to the myocardium [28] . In ESRD patients, proinflammatory cytokines, such as TNF-␣ , IL-1 ␤ , IL-6, etc., are generally increased and have been found to be associated with both atherosclerosis and CACS [31] [32] [33] . In the present study, increased EAT volume was related to CACS, and this association might be attributed to increased proinflammatory cytokines secreted by EAT. However, hs-CRP levels were not correlated with CACS and EAT in the present study. Caliskan et al. [34] recently evaluated the relationship between CACS and coronary flow velocity reserve in HD patients and found similar results about the relationship between hs-CRP levels and CACS and coronary flow velocity reserve. We assume that in a cross-sectional study, it may be difficult to assess the relationship between hs-CRP and CACS and EAT, as VC is a slowly progressive process and serum hs-CRP levels may fluctuate, possibly dependent on flares of inflammation.
Wilund et al. [35] examined the effects of intradialytic exercise training on oxidative stress and EAT determined by echocardiography in ESRD patients and found that the thickness of the epicardial fat layer was reduced by 11% in patients with exercise training during the intradialytic period. Based on the results of their study, the authors concluded that exercise training might improve CVD risk factors including both EAT and oxidative stress. In our study, we found that the PD modality was associated with increased EAT, even when corrected for BMI.
Despite the simplicity of evaluating EAT with echocardiography, EAT should be measured by MDCT in three dimensions including regional thickness, cross-sectional areas, and total volume [28] . Therefore, MDCT can be used to assess both CACS and EAT in patients with ESRD for the first evaluation, and then echocardiography can be used for the follow-up period.
Our study has some limitations. First, this was a cross-sectional analysis of PD patients regarding CACS and EAT. Second, the sample size was relatively small. Another potential limitation was that CT could not determine whether calcium was in the intima or media of the arterial wall. Since this is not a prospective controlled study, we cannot draw cause-andeffect relations from our findings.
In conclusion, we found a relationship between the anatomic assessment of coronary artery lesions by MDCT and EAT in PD patients. This relationship might be attributed to increased inflammation and proinflammatory cytokines in uremic patients. Further studies are needed to determine the relationship between VC and EAT.
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